Introduction

W
hen carrying out surveys in the population, an inherent problem is non-response, i.e. the fact that some persons for different reasons choose not to respond. It is well known that this may cause biased prevalence estimates because respondent characteristics may differ from those of non-respondents. 1, 2 Prevalence estimates are widely used in public health surveillance, planning and prioritizing, and the level of non-response is considered a central indicator of data quality. However, little is known about the possible bias caused by non-response. In addition, nonresponse has been found to vary between survey modes. [3] [4] [5] Faceto-face interviews have traditionally been considered the gold standard mode because of their ability to obtain high unit and item response rates and valid data. 1, 6 However, when questions in self-administered modes are answered, the resulting data tend to be of better quality. Especially with more sensitive questions, selfadministered modes performed better, e.g. generally less social desirability bias in responses and more reporting of sensitive behaviour. Furthermore, face-to-face interviews are expensive, and especially with larger samples it may not be feasible to carry out surveys using face-to-face interviews owing to economic restraints. Understanding the relationship between survey mode and nonresponse and prevalence estimates, respectively, is vital when surveying public health, as results based on different modes are routinely compared and used in health care planning and monitoring, e.g. in cross-national comparisons of prevalence estimates. The National Institute of Public Health has carried out nationally representative health interview surveys among the adult Danish population (age !16 years) since 1987. 7 However, in 2010, the mode was changed from face-to-face interviews to self-administered questionnaires. As a result, it is not possible to separate the effect of time and mode, respectively, and it is difficult to know if a change over time is real or the result of a change of mode. To disentangle the effect played by mode, a face-to-face interview survey was carried out simultaneously with the self-administered survey.
The study is confined to one geographical region in Denmark. This article examines and composes response patterns in these two general population health surveys.
Method
Face-to-face interview data
The face-to-face interview data were obtained from a health survey in the Region of Southern Denmark. A random sample (including institutionalized individuals) of 1500 individuals aged !16 years and resident in the Region of Southern Denmark per 1 January 2010 were randomly drawn from the Danish Civil Registration System (each individual has a unique personal registration number). The register contains information on, for example, sex, age, address, marital status and birthplace for all individuals with permanent residence in Denmark. All selected individuals received a letter of introduction that briefly described the purpose and content of the survey, and it was emphasized that participation was voluntary. The letter also stated that the invited individual would be contacted by an interviewer in one of the following days. All invited individuals had to be contacted at least four times before they were considered nonrespondents. Preferably, and at least once, the interview had to make contact by visiting the address. However, if they were not able to make contact by visiting the address, they were allowed to call them to make arrangements. Data were collected via Computer-Assisted Personal Interview at the respondent's home and carried out by professional interviewers. The invitations were distributed continuously over time, and data were collected from February 2010 to April 2010.
Self-administered data
The self-administered data were obtained from the Danish Health and Morbidity Survey 2010. The survey was based on a nationally representative random sample of 25 000 individuals (including institutionalized individuals) aged !16 years and resident in Denmark per 1 January 2010. The sample was drawn from the adult population in Denmark using the Danish Civil Registration System. All selected individuals received a letter of introduction that briefly described the purpose and content of the survey and it was emphasized that participation was voluntary. The letter invited the selected individuals either to complete a web questionnaire or to fill out the enclosed paper questionnaire. The letter contained a unique user name and a password that gave access to the web questionnaire. The invitations were distributed per 1 February, and data were collected continuously from February 2010 to April 2010. A reminder procedure with two postal reminders, with the latter containing a new paper questionnaire, was used. Because the faceto-face interview survey was carried out only in the Region of Southern Denmark, merely data from the Region of Southern Denmark were used in the present study (sample size: 5502).
Both surveys were based on mutually exclusive random samples. This was ensured by drawing the samples in two steps; initially, a random sample was drawn to the national self-administered survey. Subsequently, a random sample was drawn to the face-to-face interview survey in the Region of Southern Denmark, where individuals already selected to the self-administered survey were excluded from the sample frame.
Survey-based data
Both surveys used identical questions, and included questions on socio-demographic characteristics, health-related quality of life, health behaviour, morbidity, use of health services, consequences of illness and social relations. The questions have all been used in previous Danish health surveys. 7 This study compares 14 selected health indicators. A detailed description of the indicators can be found in the supplementary appendix.
Register-based data
The unique personal registration number makes it possible to link information at the individual level from several registers, thus presenting a unique possibility of register-based comparison. In both surveys, information regarding sex, age, marital status, citizenship, birthplace and parents' birthplace were extracted from the Danish Civil Registration System. 8 The classification of ethnic background was based on information on the individuals' citizenship, birthplace and information about parents' birthplace. In total, three ethnic groups were defined: Danish background, other Western background and non-Western background. Information concerning highest completed education was extracted from Danish education registers, which are generated from the education institutions' administrative records. 9 All invited individuals were also linked to The Danish National Patient Register, 10 which holds administrative (e.g. hospital ward and date and time of activity) and clinical data (diagnoses and surgical procedure) on all patients in Danish hospitals, and to The Danish National Health Service Register, 11 which holds information on activities of health professionals contracted with the tax-funded public health care system. Lastly, all invited individuals were linked to the Danish National Prescription Registry, which holds information on dispensed prescription. 12 
Statistical analysis
The relative distribution in the two samples was compared with the distribution in the entire population of the Region of Southern Denmark to assess the representativeness of the samples. Modestratified multiple logistic regression analyses were used to examine the associations between background characteristics (sex, age, marital status, ethnic background and highest completed education) and nonresponse and the corresponding interactions. Furthermore, multiple logistic regression analyses were used to examine interactions between the potentially explanatory factors and survey mode with respect to non-response. Mode-stratified multiple logistic regression analyses were also used to examine the associations between background characteristics, register-based health indicators (prescribed drugs, contact to a general practitioner and hospital admission within the past 3 months) and non-response. The results are presented as odds ratios (OR) with 95% confidence intervals (CI). It was not possible to separate individuals who could not be contacted from individuals who did not participate owing to other reasons, and all invited individuals who failed to participate were, therefore, treated as non-respondents. The 2 -test was used to test for differences between respondents and non-respondents in the proportion that has been in contact with the primary and secondary health care system. The non-parametric Kruskal-Wallis test was used to test for differences between respondents and non-respondents in the mean number of contacts to the primary and secondary health care system and in the mean number of hospital admissions and hospitals bed-days. Univariate logistic regression analyses were conducted to examine the mode effect on selected health indicators. Subsequently, multiple logistic regression analysis adjusting for sex, age, marital status, ethnic background and highest completed education was conducted to observe the mode effect on selected health indicators when accounting for differential self-selection into the surveys. The logistic regression analysis was only conducted for participants 25 years or older to ensure that the majority of the participants had completed their education. The restriction was further made to ensure a reasonable number of individuals in each group, e.g. widowed or divorced persons are rarely young in Denmark. Table 1 shows the relative distribution of basic characteristics for the two samples drawn from the population in the Region of Southern Denmark (column 2 and 3) and for the entire population in the Region of Southern Denmark (column 4). It shows that the distribution in both samples overall corresponds well to the distribution in the entire region. Table 2 displays the non-response rates and the association between non-response and possible explanatory variables by survey mode. The overall non-response rate was higher in the self-administered mode (37.9%) than in the face-to-face interview mode (23.7%). In the face-to-face interview mode, there were no significant associations between non-response and sex and age, respectively. In the self-administered mode, men had significantly higher odds for non-response than women, and the odds for nonresponse decreased with increasing age. In both modes, the odds for non-response were significantly lower among married individuals, individuals with a Danish background and individuals with a higher education compared with other marital status groups, ethnic background groups and educational groups, respectively. In the self-administered mode, a significant interaction (P = 0.0094) between sex and age was found, showing that men had higher odds for non-response than 25-44-year-old and 45-64-year-old women, but no difference in non-response in the age group !65 years (data not shown). In addition, a significant interaction (P = 0.0299) between sex and highest completed education was found in the self-administered mode, showing no difference in odds for non-response among men and women with basic school as the highest education completed, but higher odds for nonresponse among men than woman in the group with upper secondary or vocational school and in the group with higher education (data not shown). No significant interactions were observed between mode and sex, age, marital status, ethnic background and highest completed education, respectively. Table 3 illustrates that, in both modes, respondents more frequently than non-respondents tended to have been prescribed drugs, been in contact with a general practitioner and practising specialist physician within 3 months prior to data collection. On the other hand, there tended to be a higher proportion among non-respondents than respondents that have been admitted to a hospital within the last 3 months before data collection. Furthermore, the average number of hospital admissions and hospital bed-days tended to be higher among non-respondents than respondents. Small differences were found between respondents and non-respondents with respect to the average number of contacts to an outpatient clinic within the last 3 months before the data collection. The same analyses have been conducted for the periods 10-12 months before the data collection, 7-9 months before the data collection and 4-6 months before the data collection, and the overall conclusions remain the same (data not shown). However, in both survey modes, the 3-month hospital admission prevalence was not higher among nonrespondents than among respondents in the earlier periods The mode-stratified multiple logistic regression analyses predicting non-response based on both demographic factors and registerbased health indicators showed that marital status (P < 0.0001) and ethnic background (P = 0.0002) predicted non-response in the face-to-face interview and sex (P < 0.0001), marital status (P < 0.0001), age (P < 0.0001), ethnic background (P < 0.0001), highest completed education (P < 0.0001) and hospital admission (P = 0.0063) predicted non-response in the self-administered mode (data not shown). Table 4 shows the effect of mode on selected health indicators. In the unadjusted analyses, the two survey modes differ significantly on indicators associated with healthrelated quality of life, health behaviour, social relations and morbidity (long-standing illness). Indicators related to use of health services generally did not differ according to survey mode. The adjusted analyses showed overall the same pattern as the unadjusted analyses.
Results
Discussion
The article compares two survey modes with regard to non-response rates, non-respondents' characteristics and prevalence estimates. 
Do different survey modes produce different response rates?
The level of non-response was higher in the self-administered mode than in the face-to-face interview mode. The reasons why the selfadministered mode performed more poorly than the face-to-face interview mode in terms of response rates are unclear. It has been suggested that the presence of an interviewer and their ability to motivate the invited individuals to participate may partially account for the higher response rate in face-to-face interview modes. Moreover, the interactive nature of interviews may also prove more interesting compared with answering 'exam-type' questions. 5 A higher non-response rate for men than for women was seen in the self-administered mode, but not in the face-to-face interview mode, which is in accordance with other studies. 7, [13] [14] [15] [16] In the face-to-face interview, no association was found between age and non-response. In the selfadministered survey, the non-response rate was relatively high in the age group 25-44 years and relatively low in the age group !65 years. A previous Danish study has found that non-response decreased with increasing age in a face-to-face interview, 7 and a Swedish study based on self-administered mode has found that young adults were less likely to participate. 17 Furthermore, another Danish study has shown that individuals in their 30s had a high response rate in a self-administered survey. 15 In keeping with others studies, the nonresponse rate was lowest among married in both modes. 7, 18 Individuals with a different ethnic background than Danish were underrepresented in both modes, which also is in accordance with previous findings. 14, 19, 20 Finally, individuals with the highest level of education were more likely to participate in both modes. This corresponds to results from other studies. 14, 20, 21 Do survey modes affect study generalizability?
In both modes, the results regarding hospital utilization are in accordance with the main tendencies from previous studies, i.e. higher hospital utilization among non-respondents compared with respondents or no differences between non-respondents and respondents. 3, [22] [23] [24] Furthermore, a previous Danish study has shown that hospital admission rates among respondents and non-respondents only differed immediately before and during the data collection period. 25 This corresponds to the findings in the present study. As for primary care utilization, the results indicate a more frequent use among respondents compared with non-respondents. The literature shows a less clear pattern, with some studies showing lower and some studies higher health care utilization among non-respondents. 23, 24, 26 Frequent use of primary health care can be viewed as a proxy for poor health but also as a proxy for good health if it is assumed that it is due to the persons being more concerned about their health and acting more rapidly on symptoms, i.e. the worried well. This might explain the tendency to a more frequent use of health services in primary health care among respondents than non-respondents. However, data in The Danish National Health Service Register is collected for administrative purposes and, hence, contains minimal clinical information. It is therefore not possible to elaborate on the type of health services provided in primary health care. Results concerning use of health services in secondary health care are what could be expected, as health care utilization is directly influenced by this reason for non-response. This group of people may not be able to participate because they are too ill, i.e. the same reason that they need health care. 23 Hence, health surveys may lead to bias in estimates of health care utilization, typically in secondary health care, regardless of survey mode.
Do different survey modes produce different prevalence estimates?
There were no significant differences between the face-to-face interview mode and the self-administered mode for indicators related to use of health services, which are all factual questions with simple answer categories. However, significant mode differences were found for other indicators. The analyses showed a difference in response patterns for the question concerning healthrelated quality of life, which is in keeping with results from a previous study. 27 The reason might be that visualizing the scale on paper may have influenced respondents in the self-administered mode to choose the less extreme categories. Alternatively, interview respondents may have been more likely to give a socially desirable answer (i.e. feeling well enough to do what they want to do most of the time) because of the presence of an interviewer. There is some evidence to suggest that respondents are more likely to give positive ratings of their health when an interviewer is present, compared with a self-administered mode. 28 Furthermore, the interview data showed significantly higher estimates of daily smoking and obesity. If it is assumed that higher levels of reporting are due to respondents being more honest, then these results are conflicting with other studies, which have shown that self-administered modes are more likely than interview modes to elicit honest responses about potentially sensitive behaviours or no differences according to mode. [27] [28] [29] [30] Alternatively, respondents might be less reluctant to lie about smoking behaviour, height and weight in face-to-face interview modes than in self-administered modes because the risk of getting caught in a lie (which is socially undesirable) only exists in the face-to-face interview mode. With respect to alcohol consumption, no differences according to mode were observed in the proportion with high alcohol intake. Interview respondents were more likely than self-administered respondents to report moderate or vigorous activity in leisure time. The reason might be that, without the probing of an interviewer, the self-administered respondents underestimate their level of psychical activity in leisure time as they fail to include all intended activities. Alternatively, the interview respondents might be subject to social desirability bias, as they may answer the questions in a manner that will be viewed favourably by the interviewer. This might also be the case with respect to questions about social relations, even though the results concerning social relations are not consistent. Interviewer probing might also explain the higher estimate of long-standing illness in the interview mode compared with the self-administered mode, as no difference according to survey modes were observed in the estimates of specific conditions.
Strengths and limitations
The main strengths of this study were the identical sampling methods and contemporaneous conduct of the two surveys in the same region and at the same time. In addition, the study was based on two random samples from the general population. Linkage to registers made it possible to extract exact information on several indicators for all invited individuals in the two samples. Lastly, the study design with two different samples answering the same questionnaire in different modes instead of the same sample answering the same questionnaire in different modes at staggered periods can be considered both a strength and a limitation. A strength because it is possible to disentangle the effect of survey mode from the effect of staggered periods, but a limitations as differences in results might be caused by differences in sample characteristics rather than an effect of mode.
Conclusion
In summary, the non-response rate was higher in the self-administered mode than in the face-to-face interview mode, although nonrespondents were similar in terms of background characteristics (sex, age, marital status, ethnic background and highest completed education). Generally, indicators based on factual questions with simple answer categories did not differ according to survey mode, while significant differences were found for indicators based on questions that involved subjective assessment. The survey mode should be held constant as far as possible for repeated measurement to avoid mode effects on question responses. Other measures such as efficiency and cost-effectiveness of the mode should also be considered when determining the most appropriate form of data collection.
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